Until now, only vanillin and maltol have been isolated" as high boiling flavor com ponents of aged sake. In this paper, the isolation and identification of burnt flavoring compound are presented.
MATERIALS AND METHODS
Sample sake. Sake was aged as follows: fresh sake (180 liters) brewed in this laboratory was warmed for I month at about 60°C in order to hasten the aging. Storage for I month under these conditions is equal to aging for about 2 years at 30°C.
Isolation of burnt flavoring compound (BFC) from sake.
Aged sake (180 liters) was concentrated to half its volume, in order to remove ethanol, in vacuo at 40°C. The concentrate was passed through a column of Diaion HP-20 (10 liters), and the column was washed with distilled water (20 liters). BFC was eluted with 60% ethanol (50 liters) and the eluate was concentrated to a volume of 3 liters. The concentrate was extracted 3 times with 3 volumes of chloroform at pH 2. The extract was evaporated in vacuo at 40°C. The residue (ea. 200 ml) was adjusted to pH 9 with 1 N sodium hydroxide and extracted twice with equal parts by volume of chloroform.
BFC was not extracted at pH 9. The aqueous layer was re-extracted 4 times with equal parts by volume of chloroform at pH 7.5. The chloro form extract containing BFC was evaporated in vacuo at 40°C. The concentrate was applied to a silicic acid column (silicic acid obtained from Malinkrodt Chemi cal Works was packed with n-hexane in a 2 cm od. by 7 cm column). The column was washed with 50 ml of n-hexane followed by 50 ml of 15 % diethyl ether in n-hexane. BFC was then selectively eluted with 300 ml of 70/30 n-hexane-diethyl ether mixture. The eluate was concentrated to a volume of 2 ml and neutralized with cone. ammonia, and the solution was applied to a column of Dowex t-X8 (CH3COO-, 200400 mesh, 50 ml). The elution was carried out with 250 ml of 20% ethanol followed by 250 ml of 0.005 M acetic acid. The latter fraction was extracted 3 times with 100 ml of chloroform at pH 2. The chloroform extract was evaporated in vacuo at 40°C. The oily fraction ob tained had a typical burnt flavor and showed one peak on gas chromatogram and one spot on thin-layer chro matogram.
Preparation of fractions R, A and N from sake. One liter of fresh sake was passed through Dowex 50-X4 (H+, 200-400 mesh, 100 ml) resin and Amberlite IR-45 (OH-, 100 ml) resin. Fraction N (neutral com ponents) was obtained as the effluent after washing the two column with 300 ml of distilled water, and was concentrated to 100 ml. Fraction R was obtained as the eluate from Dowex 50-X4 resin with 1 liter of 0.5 N ammonia, and acidic components (fraction A) were eluted from Amberlite IR-45 resin with 200 ml of 3 N ammonia followed by 200 ml of distilled water. The ammonia was removed from the eluates by evaporation at 45°C in vacuo, and each residue was made up to 100 ml with distilled water.
Synthesis of the flavoring compound from threonine with fumaric acid (HDMF(T)). HDMF(T) was synthesized by the following procedure: L-threonine (29.78g: 0.25 mole) and fumaric acid (29.02g: 0.25 mole) in sulfuric acid (12N, 500 ml) were heated at 120°C for 18 hr with stirring. These synthetic conditions followed the methods of Sulser et al.2) and Roedel and Hempel.3) The solution was then diluted with distilled water to 500 ml, and extracted 3 times with 1 liter of chloroform.
The extract was evaporated to dryness in vacuo at 40°C, and purified by silicic acid column chromatography as mentioned above. Thin-layer chromatography (TLC). TLC using Avicel SF (microcrystalline cellulose) was employed. Avicel SF was obtained from Funakoshi Pharmaceutical Co., Ltd. Solvent systems were as follows: (a) isopropanol -ammonia-water (8: 1: 1). (b) benzene-acetic acid-water (2: 2: 1). (c) n-butanol-acetic acid-water (4: 1: 2).
Gas liquid chromatography (GLC).
A Hitachi model K-53 gas chromatograph equipped with flame ionization detector was used. The column was stainless steel (1 m x 3 mm¢) packed with DEGS-H3PO4 (5-1 %) on 6080 mesh Chromosorb W (AW), and it was held isothermally at 150°C or 173°C. Nitrogen was used as carrier gas at a flow rate of 60 ml/min. For the determination of BFC and synthesized samples, ethyl stearate was used as internal standard.
Ultraviolet (UV) spectra.
UV spectra were meas ured with a 124-type Hitachi double beam spectro meter.
Gas chromatography-mass (GC-MS) spectrometry. GC-MS spectra were measured with a Jasco-finnigan model 1015-D mass spectrometer operated at an ionization voltage of ca. 70 eV.
Sensory evaluation of HDMF.
HDMF was dis solved in distilled water. A series of solutions of increasing concentration, each twice as strong as the preceding one, was prepared (concentrations of sample: 15.26 3905.51 ppb, 9 steps). In the ascending series method, the flavor of sample was sniffed, and tasted by dropping the solution on the tongue, and the concen trations at which odor was detected were noted. Panel members were 8 well-trained members of our labola tory. RESULTS 
AND DISCUSSION
The precursors of BFC on Chromosorb W (AW), 100 x 3 nuns; column temp., 173°C; carrier gas, nitrogen, 60 ml/min; attenuation, x 10.
The amount of BFC isolated from aged sake was too small to study its general pro perties, but the following procedure was used to check whether precursors of BFC were present in a particular fraction.
The three fractions (R, A and N) isolated from fresh sake with ion exchange resins were combined by the method of 23 factorial. After adjusting ethanol content (20%) and pH (pH 1), each combination, which corresponded to 400 ml of sake, was heated in a 500 ml flask for 10 hr at 110°C. Blackened residues were extracted with 200 ml of chloroform and chloroform extracts were concentrated to dryness in vacuo at 40°C. After addition of 0.3 ml of ethanol containing ethyl stearate (3530 ppm) as internal standard, ethanol solutes were analyzed for the presence of the flavoring compound. The results are shown in Table I . From these results, it was con cluded that fraction R contributed to the for mation of BFC, while fraction A accelerated, and fraction N repressed its formation. The components of fraction A which ac cerelate the formation of the flavoring compound were then investigated by the method described above. One mmole of each of 25 organic acids (succinic, malonic, oxalic, adipic, lactic, malic, citric, gluconic, glycolic, tartaric, fumarie, maleic, trans-aconitic, acrylic, itaconic, crotonic, citraconic, glutaconic, pyruvic, On the other hand, glucose in fraction N repressed its formation.
From these results, it was concluded that threonine was a precursor of BFC, and several organic acids accerelated, and glucose repressed it formation.
Properties of BFC
The general properties of BFC were compared with those of HDMF and HDMF(T).
The spot of BFC on a thin-layer plate showed absorption under UV light, and was clearly detectable with Folin's reagent, and weakly with ferric chloride (violet). The Rf values of BFC and synthesized samples de veloped with three kinds of solvents are shown in Table III Adsorbent: Avicel SF. Solvent system: 1, isoPrOH-NH4OH-H20 (8:1:1); 2, benzene-AcOH-H20(2:2:1); 3, n-BuOH-AcOH-H20 (4:1:2). ------, in acidic ethanol solution (pH 1); -, in ethanol solution (pH 4.4);
, in alkaline solution (pH 10). substituent in an acyclic conjugated ketone is 35 nm; the calculated value of 267 nm is thus in fair agreement with our value of 268 rim.
The MS spectral data of BFC and synthe sized samples are shown in Fig. 3 and Table V . The UV and MS spectral data of HDMF and HDMF(T) were completely identical with those of BFC isolated from aged sake.
On the basis of the above results, BFC isolated from aged sake was identified as 3-hydroxy-4, 5-dimethyl-2(5 H)-furanone.
Furthermore, NMR and IR spectral data and the result of elemental analysis of pnitrobenzoate of HDMF(T) were completely identical with those of HDMF. In other fermented foodstuffs, HDMF was found in Raochu (made in Japan, more than 30 ppb) and Soysauce (more than 50 ppb) by TLC, GLC and GC-MS. The molar ratio of starting materials has an important effect on the yield of HDMF, and the highest yield was obtained from equal molar proportions of threonine and organic acid. In proportion to the decrease in the ratio of organic acid to threonine, the forma tion of 3-hydroxy-4-methyl-5-ethyl-2(5H)-fura none (HMEF) which has been isolated from vegetable-protein hydrolysates by Sulser et al. 2) increased, while that of HDMF decreased.
HMEF was not found in aged sake, and the reason was thought to be the higher concentra tion of organic acids than threonine in sake (concentration in sake: Thr, 2.7 mm; malic acid, 3.1 mm; lactic acid, 6.7 mm; succinic acid, 6.9 mm), 
